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Summary.-Serum from rabbits with BCG/endotoxin-induced shock is growth
inhibitory or cytotoxic to a range of tumour cell lines.
The active component, tumour-necrosis factor (TNF), has been purified 1000-fold
by sequential salt precipitation, ion-exchange chromatography and gel-filtration.
TNF had a mol. wt of 67,000 on gradient PAGE and 39,000 on Ultrogel AcA44 gel-
filtration. The isoelectric point was pH 5-1-5-2.
TNF was susceptible to the proteolytic enzyme pronase, but resistant to trypsin or
papain. On isopycnic ultracentrifugation it had a buoyant density of 127, confirming
that it is protein in nature, with little or no carbohydrate. This is also suggested by
its failure to bind to a range of lectins.
TUMOUR NECROSIS FACTOR (TNF) is a
product of mononuclear phagocytes
(Matthews, 1978) which is toxic in vivo and
in vitro to some tumour cell lines (Carswell
et al., 1975; Matthews & Watkins, 1978).
A potent source of TNF is the serum of
animals with an endotoxic shock induced
by i.v. injections, 2 weeks apart, of
Bacillus Calmette Guerin (BCG) and endo-
toxin (Carswell et al., 1975).
Mouse TNF has a electrophoretic
mobility, a mol.wt of 150,000 as deter-
mined by gel filtration and is found in a
glycoprotein-rich fraction of serum (Green
et al., 1976) Previously we have shown that
rabbit TNF also has of electrophoretic
mobility, but it is smaller than its mouse
counterpart, with a mol. wt by gel-
filtration of 40-50,000 (MIatthews &
Watkins, 1978). In this paper the physico-
chemical characteristics ofrabbit TNF are
explored further.
MATERIALS AND METHODS
TNF production.-TNF was obtained from
rabbits given 2 i.v. injections, 2 weeks apart,
of BCG (50-250 x 106 organisms) and endo-
toxin (100 jug). The animnals were bled 2 h
after the endotoxin injection; the recovered
serum being designated "TNF serum".
TNF assay.-TNF was assayed by cyto-
toxicity in vitro against the mouse L929 cell
line as reported previously (Matthews, 1979).
Briefly, serum dilutions were incubated with
L cells in flat-bottomed microtrays for 3 days
at 37TC. The number of cells remaining was
then quantitated photometrically after fix-
ation and staining with Coomassie blue. The
TNF titre is defined as the reciprocal of the
dilution causing a 50% reduction in L cell
numbers after 3 days of culture.
Purification methods.-The methods of
ammonium sulphate precipitation, ion-
exchange chromatography on DEAE-
Sepharose and gel filtration on Ultrogel
AcA44 have been described previously
(Matthews & Watkins, 1978; Matthews,
1978). Fractions were assayed for TNF titre
and also monitored for contaminating serum
protein by "fused rocket" electroimmuno-
assay (Rose & Harboe, 1970) with a poly-
valent sheep antiserum to rabbit serum.
TNF-containing fractions were pooled to
minimize contamination with other serum
proteins.
Polyacrylamide gel electrophoresis.-Gradi-
ent, 8-36% polyacrylamide gels (Margolis &
Correspondence to: Dr N. Matthews, Department of Medical Microbiology, Welsh National School of
Medicine, Heath Park, Cardiff CF4 4XN.PURIFICATION OF TUMOUR-NECROSIS FACTOR
Kenrick, 1968) were run in a Pharmacia GE-4
tank and stained for protein with Coomassie
blue (Fehrnstrom & Moberg, 1977) or Amido
black, or for carbohydrate with the periodic
acid-Schiff procedure. Samples were always
run in duplicate in adjacent tracks; one track
being stained and the other sliced into 20-30
portions for tests of TNF activity. Proteins
were extracted from the gel as described pre-
viously (Matthews, 1978). Mol.-wt standards
were bovine serum albumin, monomer and
dimer (mol. wts 67,000 and 134,000), ovalbu-
min (mol. wt 43,000) and soya bean trypsin
inhibitor (mol. wt 20,000).
Isoelectric focusing.-Isoelectric focusing
was performed either in polyacrylamide gel
with an LKB Ampholine PAG plate (pH
range 3.5-9.5) in an LKB 2117 Multiphor
tank (Winter et al., 1977) or in a flat-bed
granulated gel (LKB Ultrodex) with a pH
range 4-0-6-0 (Winter et al., 1975).
Enzyme digestions.-Trypsin (type III),
papain (type III) and pronase (type VI) were
purchased from Sigma. TNF, partially puri-
fied by ammonium sulphate precipitation
and ion-exchange chromatography was
diluted in the appropriate buffers: 46mM tris-
HCI, 12mM CaCl2 (pH 841) for trypsin; 25mM
tris-HCl, 40mM EDTA, 10mM cysteine for
papain; 80mM tris-HCl, 100mM CaCl2 (pH 7 8)
for pronase. Trypsin or pronase were added to
give 1 mg/ml final concentration and papain
to give a 1/3000 dilution, and the mixtures
were incubated for 24 h at 37TC.
I8opycnic ultracentrifugation.-Five ml
TNF serum, diluted 1/100 in CsCl solution
(density= 1-406) was centrifuged at 42,000
rev/min for 40 h in a Beckman SW 50 rotor.
Fractions (0-25 ml) were collected using an
Isco density-gradient fractionator. Each frac-
tion was assayed for refractive index (using
an Abbe refractometer), TNF activity and
albumin concentration (using "rocket"
electroimmunoassay).
Lectin chromatography.-Lectins were pre-
pared as follows: concanavalin A (Agraval &
Goldstein, 1967), lentil lectin (Sage & Green,
1972-"method B"), ricin agglutinin, RCA120
(Nicolson & Blaustein, 1972), soya-bean and
wheat-germ (Vretblad, 1976), peanut agglu-
tinin (Lotan & Sharon, 1978). The lectins
were attached to CNBr-activated Sepharose
4B in the presence of the appropriate in-
hibitory monosaccharide. At room tempera-
ture, 1 ml of 1/10 TNF serum was run
through a 2ml Sepharose lectin column
equilibrated with isotonic phosphate-buffered
saline (pH 7.2) (PBS); the con A column
buffer also included 1mM Ca+2, Mg+2 and
Mn+2. The unabsorbed material was eluted
in 10 ml of PBS, and the absorbed material
in 10 ml of the appropriate saccharide in
PBS. Both fractions were dialysed against
PBS before testing. The saccharides used to
elute absorbed material were 0-2M methyl
pyranoside (Con A and lentil), 0-2M lactose
(soya bean and peanut), 0-2M galactose (ricin)
and 10% (w/v) N-acetyl glucosamine (wheat
germ).
RESULTS
Purification and molecular weight
TNF was purified sequentially by pre-
cipitation with 5000 saturated ammonium
sulphate, ion-exchange chromatography
on DEAE-Sepharose (Fig. 1) and gel-
filtration on Ultrogel AcA44 (Fig. 2).
Often, at this stage the TNF preparation
contained 1 or 2 contaminating serum
proteins detectable by rocket electro-
immunoassay which could be removed by
passage through a Con A column without
significant loss of TNF activity. The final
TNF preparations were purified about
1000-fold and contained no rabbit serum
proteins detectable by electroimmuno-
assay. The overall recovery was 5-10%/.
TNF serum on gradient PAGE electro-
phoresis gave a single peak of activity
with a mol. wt of 67,000 (Fig. 3). TNF
purified as above was eluted in a similar
position, though in parallel stained gels,
with purified TNF at 2-4x serum con-
centration, no protein or carbohydrate-
staining lines were visible either in the
corresponding region or elsewhere in the
gel, even after the application of large
sample volumes to the gel.
Despite the mol. wtof67,000 determined
by gradient PAGE electrophoresis, TNF
was regularly eluted as a single peak of
apparent mol.-wt 39,000 on Ultroge]
AcA44 (Fig. 2).
Isoelectric point
The TNF activity of TNF serum was
found in the pl range of 4*9-5 4 after iso-
electric focusing in polyacrylamide gel
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Chenical nature
TNF, partially purified b
cipitation and ion-exchange
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ase, pronase (Fig. 5). Resistan
and papain was not due to co
of the TNF preparation witl
zyme inhibitors, as in both instances
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the digestion mixture after incubation.
On isopycnic ultracentrifugation TNF
had a buoyant density of 1P27 (Fig. 6)
confirming its protein nature with little or
no carbohydrate.
TNF failed to bind to peanut agglutinin,
soya bean and ricin lectins, and <5%o of
the activity was retained by concanavalin
-v A, lentil lectin or wheat-germ agglutinin
1/25,000 columns (Fig. 7). Thus, if a carbohydrate
side chain is present, most of the TNF
molecules lack mannose, glucose, glucos-
o the pro- amine, galactose or galactosamine end
i), pronase- x). ~groups.
Rabbit TNF was stable to heating for
pH 3.5-9.5. 20 min at 56°C or 70°C, but completely
h an ampho- destroyed by heating at I 00°C for 20 mim.
ue of 5-1-5-2
)y salt pre-
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DISCUSSION
Fractionation of TNF serum, either by
gel-filtration, isoelectric focusing or
gradient PAGE, gave a single peak of
activity indicating that rabbit TNF is a
single molecular species. The susceptibility
to pronase, buoyant density of 127 and
lack of binding to a range of lectins sug-
gests that rabbit TNF is largely protein.
In this study, column fractions were
tested for TNF at a range ofdilutions, and
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the activity expressed as a titre rather
than cytoxocity at a single concentration.
As a result the gel-filtration profile is more
homogeneous than shown previously
(Matthews & Watkins, 1978). However,
the mol. wt of 39,000 obtained by gel-
filtration differs significantly from the
gradient PAGE determination of 67,000.
The most likely explanation is that TNF
is retarded on gel-filtration by interaction
with the gel-matrix. Mol. wt determina-
tion using SDS-PAGE was not possible
because firstly, TNF activity was irrevers-
iblylost afterSDS treatment andsecondly,
the most purified preparations of TNF
failed to stain with protein or carbo-
hydrate stains after electrophoresis.
The purification procedure adopted here
regularly gave TNF preparations which
were purified about 1000-fold, and un-
contaminated with serum proteins as
revealed by electroimmunoassay. How-
ever, purified TNF preparations failed to
give protein-staining bands after gel-
electrophoresis. Thus, either TNF is poorly
reactive with protein stains, or it com-
prises only a part of the "purified" TNF
preparations; the remainder being a
mixture of contaminating serum proteins,
each present in too small an amount to
give a distinctlineaftergel-electrophoresis.
Until very recently, purification of inter-
feron had reached a similar stage (see
Stewart, 1]977). Methods analogous to
those now used for interferon purification
(specific physical or immuno-adsorbents)
may be necessary to purify TNF com-
pletely.
This work was supported by a grant from the
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